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In recent years, the aerospace industry has developed high expectations for Directed Energy 
Deposition (DED) due to its capability of producing relatively large parts. Formed voids in a 
deposited object causes deterioration of the mechanical strength. Hence, voids should be avoided in 
the DED process.  
This study aims to directly observe the deposition process and control the void formation as well 
as evaluate formed voids in a deposited part made from the nickel super-alloy Inconel 718 which is 
widely used in the aerospace industry.  
Chapter 1 summarizes the background of this study and previous studies. 
Chapter 2 describes each DED method and the deposition process, characteristics of formed 
voids, a manufacturing method and a form of the metal powder used, and explains evaluation result 
of crystal structures, tensile strength of deposited components.  
Chapter 3 describes the DED device, the sample production method and the test devices for void 
evaluation. The porosity calculation method and the void gas analyzing method used for 
investigating the factors of void formation are clarified. Chapter 3 also describes the high-speed 
camera used to observe the deposition process and the temperature-measuring method using the 
two-color temperature measurement for the observation of temperature. 
In Chapter 4, voids that were formed in deposited parts created with differing laser power were 
evaluated with the DED device and the void evaluation methods described in Chapter 3, in order to 
clarify deposition conditions for void suppression. To produce a complex-shaped part in the 
practical deposition process, laser power needs to be adjusted according to changes in the feed rate. 
Then, the input energy density was calculated based on the conditions under which the lowest 
porosity was produced for the different laser powers, and feed rates were changed in such a way 
that the energy density could be maintained during layer deposition. 
In Chapter 5, the residual gases in voids formed in the deposited part were analyzed to identity the 
cause of void formation. The analysis result indicated the existence of argon gas used as a shielding 
and a carrier gas. With high laser power, some atmospheric constituents were also detected, which 
may be caused by nitridation or oxidation due to the lack of a shielding gas. The mechanism of void 
formation was investigated through the observation of the deposition process with a high-speed 
camera and two-color temperature measurement.  
Chapter 6 serves as the conclusion of this study. It outlines the results obtained in each chapter, 
and summarizes all of the findings of this study. 
